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ADHERENCE OF AL VEOLAR MACROPHAGES: ROlE OF 

DIVALENT CATIONS ON THE ALVEOLAR AND CAPIL-

LARY EPITHELlAL SIDES IN THE RAT LUNG 

Suguru HANZAWAll，Marie-Claude JAURAND料)， Jean BIGNON2l 
(Receivecl for publication，March 4，1978) 
SUMMARY 
The number，viability and oxygen consumption of a1veolar macrophages were in-
vestigatecl in the free alveolar cells (FAC) harvestecl from rats by alveolar washing， 
with or without prior vascular perfusion，using severa1 kincls of washing solutions 
cliffering in their content of divalent cations. 
Alveolar washing solutions free of Ca2+ and Mg2+ were most e伍cientin collecting 
the greatest number of F AC. When using solutions containing Ca2+ and Mg2-f・， the 
cell yield decreased dramatically，indicating the role of these cations in promoting the 
adherence of the FAC in vivo. 
Prior vascular perfusion had a signi五canteffect: when cations were absent from 
the perfusate solutions，the number of recovered cells inereased; when cations were 
present，the increase could stil be obtained by the addition of EDT A on the a1veolar 
side. 
The F AC viabiliy was above 90% except when solutions containing clivalent cations 
were used. 
The oxygen consumption of cells obtainecl with physiological saline十EDTA was 
greater than with other solutions. 
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of sllch lavages in the recovery of F AC has been 
INTRODUCTION extensively stllcliedム5) ancl appears to be relatecl 
Morphological studies of the lung after per- to both the mechanical force of the wash，ancl 
fusion五xationhave shown that alveolar macro- chemical changes indllCecl in the electrolytic 
phages (AM) are embedded in a liquid五1m composition for the cel1ular micro-environment. 
The It is now recognized that cations concerned1).(Fig. 2)，spreacl over the alveolar surface1 are 
free a1 veolar cel1s (F A C)inclucling AM call be with the aclherence of free alveolar cel1s，and that 
harvested by alveolar washingsω. The e伍ciency the nllmber of harvestecl cells is relatecl to the 
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Fig. 1. Morphological aspect of rat lung after perfusion五 xationshowing alveolar 
macrophages closely adherent to the alveolar surface. 
chemical composition of the washing solution5，眠 
However， the effects of cations such as Ca2+ and 
Mg2+ have only been investigated on the 
alveolar side， and the possibility that cell 
adherence to the alveolar surface might be 
determined by cations transferred across the 
air-blood barrier from the vascular compartment 
has not so far been examined. The purpose of 
the present study was to investigate the effect 
of the ionic compostion of both sides of the air-
bloocl barrier on the number ancl functional 
characteristics (viability， 02 consumption) of free 
alveolar cells obtainecl by alveolar washing. 
METHODS 
Sherman male rats， from 230 to 550 g and 60 
to 220 days old， were usecl. The animals were 
cleeply anesthetizecl by in traperi toneal injection 
of soclium pentobarbital (Nembutal 40 mg per kg 
bocly weight). The alveolar washing proceclure 
(AW) was carriecl Olt through an opening macle 
by tracheotomy after pnellmothorax using a me-
thocl clerivecl from Myrvik et a1. 3). Four AW 
solutions were testecl: 
1. physiologicaL saline NaCl 0.9% (PS); 
2. balancecl salt solutson (BSS) (Table 1)5); 
3. balancecl salt solution without calcium 
ancl magnesium (BSS Ca2+， Mg2+ free)5); 
4. physiological saline with 0.02% of cliso-
clium salt of ethylenediamine tetraacetic 
acicl (PS + FDTA). 
Table 1. 	 Composition of balancecl salt 
solution 
Substance 
NaCl 8.200 
KCl 0.414 
MgS04・ 7H20 0.205 
CaClz 0.149 
Na2HP04・ 7H20 0.094 
KH2P04 0.062 
grams per liter 
Alveolar washing was carriecl out with 6 ml of 
each kincl of washing solution kept at 370C. 
もiV ashing was repea tecl twel ve times in each expe-
riment ancl cluring each wash the solution was 
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left in the lungs for 7 minutes. 
1n some animals， a vascular perfusion was 
carriecl out prior to the AW using either physio-
logical saline solution with 1. 5% of dextran and 
1 % of heparin (5000 IU/ml) (PS+dextran); or 
balancecl salt solution aclclecl clextran ancl heparin 
with same concentration (BSS+elextran). The 
methocl for performing VP prior to A W has been 
previously clescribeclD. A cannula was insertecl 
into the right ventricle of the heart ancl con-
nectecl to a peristaltic pump which could supply 
the perfusate continuously. When the perfusion 
started， the left ven tricle ancl abelominal aorta 
were incisecl immediately for exsanguination. 
The perfusate was kept in an ice-water bath. 
The pressure of perfusion was regulatecl at 30 cm 
H20 ancl the perfusion lastecl五 vemintes. 
The harvestecl cells were countecl after each 
AW with a Malassez hemocytometer chamber. 
The number uf cells was expressecl as cells per 
animal or per 100 g of bocly weight. 
The measurement of viability of harverted 
cel1s was carriecl out using a 1. 5% solution of 
nigrosin in physiological saline. One elrop of 
this solution was clilutecl in seven clrops of cel-
lular suspension. After 7 minutes incubation at 
370 C， the percentage of stained (non viable) cel1s 
was estimatecl from two hundred cells. 
The oxygen consumption of F AC was cleterm-
inecl using a Gilson oxygraph moclel K IC with 
an electrocle YS1 4004 CLARK oxygen probe. 
The lavage fluicl was centrifugatecl for 20 minutes 
at 1100 rpm (270 g) at 40C， the cel1 pellet was 
suspenclecl in medium nO 199 with Hank's salts 
Table 2. Number of harvestecl cells 
Solution for 
vascular 
perfusion 
Solution for 
alveolar 
washing 
n 
ロ 1 
s.e. 
Number of cells 
per animals 
(x 106) 
Number of cells 
per 100 g of body 
weight (X 106) 
PS 
(E) 
n 
ロ 1 
s.e. 
7 
8.24 
1. 98 
7 
2.21 
0.65 
Without 
vascular 
perfusion 
BSS 
(G) 
BSS 
Ca2+ancl M g2+ 
free 
(A) 
n 
立 1 
s.e. 
n 
values 
7 
2.98 
0.60 
2 
11.8 ; 12.04 
7 
0.68 
0.15 
2 
2.46 ; 2.62 
PS+EDTA 
(D) 
n 
values 
・つ4 
9.16; 9.44 
ワ・" 
2.86; 3.14 
PS PS 
(C) 
n 
立 1 
s.e. 
10 
9.91 
1. 83 
10 
2.44 
0.41 
BSS 
PS 
(F) 
PS十 EDTA 
(B) 
n 
n1 
s.e. 
n 
m 
s.e. 
7 
7.86 
1. 68 
5 
10.87 
0.67 
7 
1. 72 
0.41 
5 
2.87 
0.57 
n: number of animals; m: arithmetic mean; s.e.: stanelarcl error 
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(Pasteur 1nstitute Production， France) and bufferecl 
at pH 7.3 with a Tricine solution (Gibco). The 
medium was supplemented with 8 per cent of in-
activated fetal calf serum. The results were 
expressed in terms of microlllole 02 consumecl 
per lllillion of cells in 500 seconds. The cellular 
protein content was determinecl by Lowry's 
procedure7入 
Brain8) recommencls expressing the nUlllber of 
free cells per gram of lung rather than bocly 
weight， but as it was impossible to weigh the 
lung before perfusion， our results are 'expressecl 
in terms ， of body weight: after each experiment， 
there was considerable variability in lung weight 
due to residual pulmonary lavage or vascular 
perfusion solution; thus， itwas apparently in-
valid to refer to lung weight. 
RESULTS 
Table 2 and Figure 2 show the numbers of 
harvested F AC: more than 95% of F AC being 
AM as judged by the May Grunwald staining. 
1n the experiments referred to as AW without 
prior vascular perfusion， the number of harvested 
FAC was 8.24:!:1. 98xl0G per animal when PS 
was used as a washing solution; but if BSS was 
used instead of PS， the number of cells decrea-
sed significantly (P<O.OOl) to 2.98士 0.60x106 
per animal; when PS+ EDT A was used， the 
number increased. However， the most effective 
solution for harvesting the greatest number of 
FAC was BSS without Ca2+ and Mg2+. 
In the experiments referred as AW with prior 
vascular perfusion， the cell yield increased a lit-
tle when a vascular perfusion was performed 
with PS before AW with PS (curve C)， compared 
to AW with PS alone (curve E) but it was not 
signi五 cant. When BSS was used as a perfusate 
solution (curve F)， the number of harvested FAC 
decreased compared to C， when PS was usecl as 
alveolar washing solution (p<0.05). This cle-
crease was annullecl by the acldition of EDTA 
(curve B) on the al veolar sicle. The cli旺 erence 
between the curve F (vascular perfusion wi th 
BSS + A W wi th PS) ancl the curve B was signi・ 
cells per 
12 -1Xl06 animal 
10 C 
D 
EF 
4 
2 4 10 
wash number 
Fig. 2. Cumulative number of alveolar 
free cells recovered from rats. 
(A) A W: BSS， Ca2+ and Mg2+ free; (B) 
VP: BSS， AW: PS+EDTA; (C) VP: 
PS， AW: PS; (D) AW: PS+EDTA; (E) 
A W: PS; (F) VP: BSS， A W: PS; (G) 
AW: BSS 
五 cant(p<O.Ol). 
After twelve washings， the viability of harve-
sted cells was about 95% (Table 3). There was 
low value only in one type of experiment: after 
AW with BSS， the viability clecreased markeclly 
clown to 72.2:!:9.2% (p<O.OOl) comparecl to AW 
with PS. 
The 02 consumption values in 500 seconcls of 
the harvested FAC are given in Table 3. 
When PS or BSS was usecl as a washing solu-
tion， the results of each washing proceclure were 
in the range from 0.0109 to 0.0122 micromole 
02/106 cells/500 seconcls; but， when PS+EDTA 
was usecl the 02 consumption increasecl remarkab-
ly to 0.0158 micromole 0 2/106 cells/500 seconcls. 
This increase of 02 consumption after aclcling 
EDT A in the physiological saline as alveolar 
12 
99 A c1herence of Alveolar Macrophages 
Table 3. Viability and oxygen consumption of FAC 
Solution for 
vascular 
perfusion 
Solution for 
alveolar 
washing 
n 
n1 
s.e. 
Viabilit(y% of 
cells (%) 
Consumption of oxygen 
，wnole 02./106 
cells/500 sec 
n 7 6 
PS 立 1 94.0 0.0118 
Without 
vascular 
perfusion 
BSS 
s.e. 
n 
m 
s.e. 
2.0 
7 
72.2 
9.2 
0.0007 
1 
0.0122 
PS+EDTA 
n 
values 
つ・ 4 
95; 96 
2 
0.0153 ;0.0163 
n 10 2 
PS PS ロ 1 93.9 0.0120 
s.e. 0.9 values :0.0114 ;0.0126 
n 7 1 
PS 立 1 94.9 0.0109 
BSS 
s.e. 
n 
1. 3 
5 ・つ・4 
PS+EDTA ロ 1 93.5 0.0132 
s.e. 2.9 values :0.0131 ;0.0133 
n: number of animals; m: arithmetic mean; s.e. : standard error 
washing solution could be seen even in the cases 
associated with a prior vascular perfusion with 
BSS. 
DISCUSSION 
The experiments of AW without prior VP 
confirmed the results obtained by others4，5，の. 
1n this study， comparing the effect of 4 kinds of 
washing solutions， it shoud be noticec1五 rstly 
that the number of harvested cells decreased 
dramatically when BSS was used instead of PS. 
The ratio of this decrease was about 64% and 
was highly significant. On the other hand，when 
BSS without Ca計 and乱 tfg2+was used， the cell 
yield increased by 45% comparec1 to PS. The 
addition of EDTA to PS only increased the cell 
yield slightly (13%). Thus the introduction into 
the alveoli of the divalent cations Ca2+ ancll¥在 g2+ 
climinished the cell yield， while the absence of 
these cations in the washing solutions or the 
addition of EDTA increacad it. Although the 
exact mechanisms by which Ca2+ and Mg2+ ions 
intervene in cell membrane abherence are not 
fully understood， itis well known tnat divalent 
cations play an important role in. the adhesive 
functions of cells， decreasing the repulsive forces 
between the negatively charged cells9) or being 
). involved in intercellular ionic bridging10
These cations might also interfere with cellular 
organellesl，12，13) such as microtubules taking part 
in the intracellular processes relatecl to cell 
contact and cellular adhesion14，15，16}. The. in-
creasecl number of harvestecl cells with Ca2+ ancl 
Mg2+ free solutions coulcl be clue to the displa-
cement of the equilibrium between free ancl 
linked cations; on the other hancl EDTA was able 
to increase this effect clue to its chelating 
properties. 
In this stlcly， the influence of vasclllar per-
fusion on the cell yielcl when the alveolar 
washing was carriecl Olt with PS was investigatecl 
by using PS with clextran or BSS with clextran 
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as perfusate solutions. The significant changes 
in the number of harvested alveolar cells in-
dicated that there were factors which might have 
affected the cell yield，i. e. the effect of ions 
contained in the perfusate solutions and the 
五ltrationeffect of the vascular pefusion. 
That the intravascular ionized calcium and 
magnesium are able to cross the air-blood barrier 
ancl increase the adherence of the F AC on the 
alveolar surface is suggested by the comparison 
of curves F and C: the cell yield after vascular 
perfusion with PS was increased by 26% com-
pared to VP with BSS. On the other hand， 
it was possible to increase the number of 
harvested cells by adding EDT A on the alveolar 
side，acting by chelation of either transferred or 
intravascular cations. The effect of EDT A on 
the capillary side was not investigated because 
EDTA-induced edema development has been 
demonstrated in such an experiment17). The 
outward flux of fluid from the capillary to the 
alveoli would have interfered with the effect of 
Ca2+ and Mg2+ concentrations. 
The viability of harvested free alveolar cells 
was identical (about 95 per cent viable cells) in 
all experiments，except in one situation: when 
BSS containing free divalent cations Ca2+ and 
Mg2+ were used as an alveolar washing solu-
tion. 1n this experiment，only 72 per cent of 
the cells was viable and the total number of 
harvested cells was also smaller. This might 
indicate that when free divalent cations were 
adcled to the washing solutions，the cells which 
were collected were older and functionally altered 
alveolar macrophages，loosely bound to the 
alveolar surface. 1t is well known from in vitro 
culture of alveolar macrophages that the cel1s 
which detach from the support are mostly sick 
cells. However，it was necessary to verify that 
BSS was not toxic to alveolar macrophages in 
orcler to make this interpretation: after centri-
fugation，the alveolar macrophages harvested 
with PS were incubated with BSS for 4 hours 
at 37 oC; the viability of these cells was not dim-
inished during this time. This result supports our 
speculation about the low viability of alveolar 
free cells after BSS washing. Although there were 
discrepancies in cell viability，no significant 
clifference in the rate of oxygen consumption by 
AM was founcl between PS and BSS alveolar 
washing procedures. 1t was only when PS+ 
EDTA was used that the oxygen consumption by 
AM increased，even in cases with prior vascular 
perfusion. The obtainecl values were similar to 
those of Oren et al.18)，who found an oxygen 
consumption of 20.4土0.1microliter 02 per mil-
ligram protein per hour for guinea pig AM. 
1n our experiments，the figure was similar after 
lavage with PS (19.2土1.1microli ter 02 per mil-
ligram protein and hour). The slight increase 
in the rate of oxygen consumption by cells 
harvested wi th a solution con taining EDT A may 
be due to an increase in the membrane permea-
bility. 1t is well known that EDTA increases 
the membrane permeability which might increase 
energetic cell metabolism in order to restore 
normal permeability. 
まとめ
肺胞洗浄によりラット肺より得られた，遊離の肺胞細
胞 (FAC)において，肺胞マクロファージの数，生存率
並び、に酸素消費量について検討した。肺胞洗浄にあたっ
ては， 2価陽イオン含量の異なる数種類の溶液を用い
て，事前に血管内濯流を行った例と行なわなかった例に
分けた。 
FACを最も多く採取するために，最も効果的であっ
た肺胞洗浄液は， Ca2+と Mg2+を含まないものであっ
た。 Ca+2と Mg2+を含む溶液を用いた場合，細胞収量
は劇的に減少したが，これは，これらのイオンが，生体
において FACの付着を促進する役割を持つことを示唆
するものであった。
洗浄前の血管濯流は，重大な効果をもたらした。即
ち，濯流液中に陽イオンが存在しない場合は，回収され
る細胞数は増加し，一方陽イオンが存在する場合には，
肺胞洗浄液中に EDTAを加えることによって，さらに
増加を認めることが出来た。 
FACの生存率は，洗浄液中に 2価陽イオンが含まれ
ている場合を除き， 90%以上であった。
細胞の酸素消費量は， EDTA加生理的食塩水を用い
て得られた場合が，他の溶液を用いた場合より多かった。
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